We experimentally examine the hypothesis that the scaling of the Nusselt number Nu (nondimen- Aows. In an appendix, the form of the temperature probability distribution in the interior is shown to be related to the coherence of the thermal plumes.
I. INTRODUCTION
The importance of thermal boundary layers in turbulent Rayleigh-Benard convection is well documented. The heat Aux (Fig. 1) . A uniform electric current (0 -10 A) passing horizontally through the mercury interacts with the magnetic field via the Lorentz force. The spatially varying magnetic forces induce a (Fig. 3) . To see the origin of this secondary flow, note that a mirror vortex just above the mercury-water interface creates a radial pressure gradient that pumps fluid outward near the interface. This outward flow turns upward at the edges of the mirror vortex, inward in the interior of the fluid layer at a height of the order of the diameter of the mirror vortex, and downward into the center of the mirror vortex. These secondary recirculating flows increase the advective transport of heat from the lower boundary layer (as is demonstrated in Sec. IV).
Numerical computations were done in order to estimate the characteristics of the secondary flow. Fig. 1(a) Fig. 7 for Ra = 5.2 X 107. In the unperturbed case [ Fig. 7(a) However, for quantitative studies we use the many-vortex configuration.
C. Many-vortex forcing
We utilize many-vortex forcing (4 X 4 array of secondary vortices) for quantitative measurements of the enhanced heat Aux, to minimize the possibility of finitesize efFects associated with the lateral boundaries of the cell. The qualitative effect of many vortex forcing (Fig. 8) is similar in many respects to that of single-vortex forcing except that the advective plumes occur at the boundaries between adjacent secondary vortices, rather than only at the side walls. The plumes are fairly steady, apparently changing when the vortices in the mercury Auctuate in amplitude or shift in location.
Significant enhancement (up to 70&o) in the heat fiux is observed with this forcing configuration (Fig. 9) The advective heat flux from the lower boundary layer increases the center temperature (Fig. 11) difference across the boundary layers, rather than the temperature field. As is shown below, however, the averaging is not a problem with this boundary-layer analysis.
We illustrate this approach this approach by analyzing the temperature shift data of Fig. 11 26T" hT (6) This prediction (with P=0.28) is plotted in Fig. 12, along with experimental data derived from Fig. 11 . It should be noted that there are no fitted parameters in the prediction. The agreement between the prediction of Eq. (6) and the experimental data indicates that perturbations of the lower boundary layer do not affect the relation between the heat flux and the temperature drop across the upper boundary layer.
We can use a similar approach to analyze the effects of the artificial velocity enhancements on the lower boundary layer. Experimentally, the heat flux across the lower boundary layer is determined by a flow velocity U, and a temperature drop 5 T, : -b T -6 T", while the upper boundary layer remains unperturbed with a "normal" convective velocity and a temperature drop AT". According to the analysis described above, the absence of perturbations of the upper boundary layer does not affect the relation between H and AT&. The heat flux would therefore be equivalent if the upper boundary layer were also perturbed with enhanced flow velocities U, and a temperature drop of AT&. The Rayleigh number for the second case would be lower than that for the first case, though, since the total temperature difference would be b, Ti+b, Ti( (b T). 2aT; Ra,~= Ra hT (7) this manner, the data collapse onto a curve that can be described ( exponential peaks) is apparently due to the aspect ratio of the convecting layer (Fig. 14) . At an aspect ratio of 1.6
[ Fig. 15(a) ], the PDF's for Ra 5 10 are mixed, whereas at a smaller aspect ratio [ Fig. 15(b) ], the PDF's in the same Ra range are fully Gaussian. Thus the PDI"s at low Ra do not haue a uniuersal form and depend on aspect ratio.
If the aspect ratio is small, most of the plumes pass through the probe, whereas they often miss the probe for the larger aspect ratio. In the latter case, the probability at the average cell temperature is increased, so the overall 0- 
